Introduction {#sec1-1}
============

Ventriculoperitoneal shunt (VPS) is the most common cerebrospinal fluid (CSF) diversional procedure performed for the treatment of hydrocephalus, and the commonest procedure performed by pediatric neurosurgeons. However, like any other procedure, it is frequently associated with many complications, commonly underdrainage and infection.\[[@ref1][@ref2][@ref3]\] Uncommon, yet well-reported, complications include suboptimal catheter position, overdrainage, catheter migration, seizures, hemorrhage, and bowel perforation.\[[@ref1][@ref2][@ref3]\] Vascular injuries are rare complications of VPS, and even rarer injuries result from tunneling of the shunt distal catheter.

Only a handful of cases of traumatic occipital artery aneurysms are reported, but injury to the occipital artery leading to psudoaneurysm formation as a result of tunneling to pass the distal catheter of VPS is very rare.\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] Moreover, swelling of the aneurysm may disturb the shunt valve or catheter, interrupting spontaneous flow of the CSF leading to underdrainage which can significantly affect the patient. The authors report a case of traumatic extracranial pseudoaneurysm of the occipital artery following VPS procedure in an infant with a review of the literature.

Case Report {#sec1-2}
===========

The patient is a female infant born preterm at gestational age of 24 weeks, weighting 670 g. She had immature lung disease that was treated with surfactant injection and mechanical ventilation immediately after birth. Eight days later, she developed necrotizing enterocolitis and rapidly complicated to bowel perforation and fulminant peritonitis. Initially, managed with insertion of peritoneal drain, but eventually, laparotomy and resection of a long bowl segment were performed. This resulted in short bowel syndrome and total parenteral nutrition dependence.

At 2 months old, cranial ultrasound showed bilateral Grade IV intraventricular hemorrhage with significant ventricular dilation, and subsequently, she developed posthemorrhagic hydrocephalus, confirmed by magnetic resonance imaging (MRI) of the brain \[Figure [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\]. When repeated ventricular tapping proved insufficient, a ventricular access device (Ommaya reservoir) was inserted for repeated, intermittent CSF drainage. She passed through difficult times with repeated sepsis and was not ready for CSF shunting.

![(a and b) Magnetic resonance imaging Sagittal view, T2WI, showing massive hydrocephalus with dilated lateral ventricle (white arrows), and dilated third and fourth ventricle (3^rd^ and 4^th^). Note (a) intraventricular hemorrhage (black arrows) and occipital intraparenchymal hemorrhage (double black arrows)](AJNS-13-914-g001){#F1}

At 8 months of age, her weight was 9.95 Kg and CSF protein improved to 2.14 g/L, the hydrocephalus did not resolve, and she was finally eligible for a permanent VPS insertion. Ommaya reservoir was removed and replaced with a permanent VPS. During the procedure, tunneling distal shunt catheter was smooth and uneventful, and the patient endured the surgery very well.

Postoperatively, head size showed initial improvement, but after 4 weeks, due to progressive enlargement of the head, and appearance of a subcutaneous swelling behind the ear, an MRI and Doppler Ultrasound were conducted. MRI scan showed evidence of hydrocephalus, and a subcutaneous swelling above and behind the left ear, and Doppler Ultrasound examination revealed well-defined and lobular cystic lesion, with a thick peripheral wall in the left supra articular region, measuring fully at 3.1 cm × 2.3 cm with the cystic portion containing blood flow at 1.5 cm × 1.8 cm. These findings conclude that the swelling\'s appearance is consistent with a pseudoaneurysm \[[Figure 2](#F2){ref-type="fig"}\].

![(a and b) Axial magnetic resonance imaging, T1WI before (a) and after intravenous injection of contrast (b) showing well-defined, round, lobular-- cystic subcutaneous swelling above and behind the left ear, with a thick peripheral wall, containing blood flow consistent with a pseudoaneurysm of the occipital artery](AJNS-13-914-g002){#F2}

The aneurysm and malfunctioning VPS demanded exploration. The pseudoaneurysm was found attached to posterior branch of the left occipital artery, pushing against the shunt tubing \[[Figure 3](#F3){ref-type="fig"}\]. The aneurysm was excised, and shunt function was restored.

![Operative picture of the occipital artery aneurysm distorting and pushing the shunt distal catheter (white) away of its course explaining shunt malfunction](AJNS-13-914-g003){#F3}

Two months later, the patient further developed shunt malfunction and progressive head enlargement. Endoscopic fenestration of the dilated, isolated fourth ventricle, and endoscopic third ventriculostomy (ETV) was performed. During the procedure, prepontine cistern was very shallow, and the success of the ETV was considered unreliable; therefore, shunt revision and resetting of the valve pressure to 200 mm CSF was undertaken at the same time. She tolerated the procedure and postoperatively head size remained stable with soft widely opened anterior fontanelle without the need to change shunt pressure.

Unfortunately, after 6 months, the patient has been very sick with Gram-negative septic shock, that complicated to multiple organ failure and an overall critical prognosis, regrettably passing away at 15 months of age.

Discussion {#sec1-3}
==========

VPS is the most common CSF diversional procedure used for the treatment of hydrocephalus in infants. During this procedure, tunneling of subcutaneous tissue takes place to pass the distal catheter between abdominal and scalp wounds. A rigid metal tunneling tool is usually used with some degree of controlled force especially at the tough area of deep fascia between head and neck of the patient. The tunneling part of the procedure may be associated with a variety of complications including hematoma formation, traversing the thorax, erythema, skin breakdown with exposure of shunt behind the ear, and penetration of the skin.\[[@ref1][@ref2][@ref3][@ref11]\] Vascular injury with subsequent formation aneurysm/pseudoaneurysm is a very rare complication.

In this report, the authors present the first case in the English language literature, to our knowledge, of iatrogenic posttraumatic occipital artery pseudoaneurysm resulting from insertion of VPS. We found more cases reported in the literature of traumatic occipital artery pseudoaneurysm, none of which were attributed to injury from tunneling for insertion of VPS catheter.\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] In almost all cases, disruption of the vessel wall caused by blunt trauma, allowing blood to leak into the surrounding tissues and form a pulsatile hematoma. Pseudoaneurysm lacks a fibrous wall and is contained by a surrounding shell of hematoma and the overlying scalp. Another possibility may be shearing of the adventitia and muscle layers of the vessel leaving an unsupported weak intimal layer, which bulges to form an aneurysm. A pseudoaneurysm usually presents as enlarging, pulsatile swelling in the scalp, sometimes painless but usually tender to touch, with associated thrill or bruit. Complications of pseudoaneurysms include rupture, embolization, local pain, neuropathy, and local skin ischemia.\[[@ref4][@ref10][@ref12]\] The authors assume in this case that the aneurysm played a role in disturbing the shunt function when revision revealed a functioning shunt after removal of the aneurysm.

In this case, the pseudoaneurysm developed as a result of direct injury by blunt force delivered to the vessel during the passage of the tunneler for insertion of distal shunt catheter. The suboccipital segment of the occipital artery which crosses the sagittal plane in the region of superior nuchal line is vulnerable to trauma as it is at the route of tunneling and an increased risk for force injury by the blunt tip of the metal tunneler specifically where it is superficial and poorly covered by muscle.

The diagnosis of occipital artery pseudoaneurysm can always be made by Doppler ultrasound, CT and MR angiography scans. These modalities are noninvasive diagnostic techniques that allow precise assessment of occipital artery abnormalities and traumatic psudoaneurysm.\[[@ref13][@ref14][@ref15]\] Treatment options usually include surgical resection of the aneurysm, proximal ligation or trapping, endovascular arterial embolization, and coil occlusion or direct thrombin injections have also been employed although inducing embolism is a possible complication.\[[@ref13][@ref16][@ref17]\] Endovascular treatment can be an effective method for treating ruptured occipital artery aneurysm. In this case report, the pseudoaneurysm was large and palpable as a mass under the scalp, and the authors suggested surgical exploration is indicated because of shunt malfunction, therefore treatment by endovascular embolization was not explored.

Traumatic intracranial aneurysm related to VPS procedure is very rare. Literature review revealed no similar cases of iatrogenic pseudoaneurysms to the occipital artery as a complication of VPS, most reports being related to direct external blunt force trauma. Angevine and Connolly reported two cases of superficial temporal artery pseudoaneurysm related to insertion of external ventricular drain, caused by sharp injury to the vessel during incision of the skin for twist drill hole placement or the use of a sharp trocar for subcutaneous tunneling of catheters.\[[@ref18]\] Jenkinson *et al*.\[[@ref19]\] reported ruptured traumatic middle cerebral artery aneurysm following removal of long-standing VPS, and Tubbs *et al*.\[[@ref20]\] reported another case of pericallosal artery pseudoaneurysm a complication of endoscopic insertion of a ventricular catheter during VPS procedure. The patient suffered massive intraventricular bleed, and aneurysm was diagnosed by angiography and treated by surgical trapping.

Srinivasan *et al*.\[[@ref21]\] described iatrogenic extracranial scalp pseudoaneurysm following retrosigmoid craniotomy presented with delayed postoperative hemorrhage. The aneurysm was treated successfully by coiling. They also described other treatment options of similar condition. On the other hand, Tambasco *et al*.\[[@ref22]\] reported giant occipital artery pseudoaneurysm near an extension channel of electrocatheter in a patient underwent insertion of deep brain stimulation. The aneurysm was treated by interventional embolization using acrylic glue. They believe the aneurysm resulted from trauma during tunneling, a mechanism, which is similar to our case. Given the rarity of traumatic aneurysm in the occipital artery, the authors felt this particular case report was indicative of alerting physicians when encounter occipital pulsatile swelling near to the path of VPS.

Conclusion {#sec1-4}
==========

Traumatic occipital artery pseudoaneurysm is a rare complication of VPS procedure. Clinical findings and radiological imaging are always diagnostic. Large pseudoaneurysm close to shunt catheter may cause shunt malfunction. Surgical repair should be considered in such cases. This case report is aimed to increase awareness among physicians about this rare complication.
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